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STATEMENT OF INVENTION 
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According to the present invention there is provided a 
strategy for suppressing an endogenous gene and replacing 
at least part of the gene sequence with a nucleic acid 
sequence which differs from the endogenous gene. 

Typically the suppressing agent comprises at least one 
suppressor from the group, comprising antisense nucleic 
acid, DMA capable or forming triple helix or ribozymes to 
the endogenous gene. 

Suitably, the replacement nucleic acid sequence encodes 
at least part of a gene product and does not interact 
with the suppressing agent. 

Preferably the replacement nucleic acid sequence 
comprises amino acid codons which encode at least part of 
the required gene product, and differ from the gene to be 
suppressed in at least the third base of at least some of 
the codens. 

The invention therefore uses the degeneracy of the 
genetic code to ensure that a replacement gene product 
encoding sequence do«s not react with a suppressing agent 
directed to an endogenous gene. 

The invention further comprises a medicament comprising a 
gene suppressing agent and a nucleic acid encoding at 
least part of a replacement gene product. 

The suppressing agent and replacement nucleic acid may be 
administered separately or together. 

The invention further provides a medicament comprising a 
gene product encoding nucleic acid sequence wherein the 
sequence differs from an endogenous gene in at least the 
trurd base of at least some amino acid codons. 

In one embodiment the medicament may comprise a vector. 
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DESCRIPTION 



WhiU -'urrUr mo Jifiniiwi and inipro.»mwiif miy he m»d* -ithout dipMrlig ft-c 
cm» 5co6f ol *«> in*«ni»cn d« toUowtaK 'i a deicnpton of or* or more eunple* 



SUMMARY 

Prop,*.!: A novel method of gene therapy for treatment of autosomal dominant!? 
inherited disorders and polygenic diseases. 

The present Invention relate, to . strategy for suppression of a di s«~_ djclo .using 
strategics which do not target the disease mutation apeabcally but instead can be 
Urget a broJlSnge of t«ne«ib«d m+~m of . P^^B^By 
J3td sciences is nuw* e^oc^ tren^W «*>d*ca« *UaW or fn« b*h 
the disease and normal allele*. A particular embodiment of the uwcnbon is the use of 
a^pnasbn strategies to suppro- me dl— .We or to ^^^^r?^^ 
alWwand the use of the wobble hypothesis to enable continued expression of a 
Si or reintroduced nonnal atee. More particularly *e strategy c^vent 6 
2 peerf for a specific therapy for every mutation In a given gene, fa add-on the 
invention eUcnw greater flexibility in choice of target 

disease allele. The Invention abo relate, to a medicament or inedicamenta for use in 
suppressing a gene with a disease allele which is present in a genome of one or more 
individual!) or animals. 

Generally the strategy of the present invention w fll be uerf ui where t^g»c wh^ « 
naturally present in the genome of the patient contributes to a dwn.se state. Ccncn ly, 
the- S J taction will be mutated, that ia, will posses* atoratton. in *m «udeohdc 
^qucp^ that eaect the function or level of the gene i^ikL exainj^^ -H^bon 
mavresult in an altered protein product from the wild type gene or altered control of 
transcription and procewing. Inheritance of such a motatkm can give nae to ■ jdncwr 
phenotype. However, the gene of Interest could ab« be of wild ^f™*P«^ 
cofttribute to a disease state in another way such that wippreasiori of the gene would 
alleviate the diMease state. 



BACKGOUND 



Over the past decade we have invetrogaled the molecular pathogenesis of heritable 
human retinopathies including Retinitis Pigmentosa (RP) and various macular 
dystrophies; common retinal degenerations with a recognisable geneta component, 
leading in many instance to severe visual handicap. The goal of our re*-*** hsnben to 
contribute to an elucidation of the molecular pathologies of human iitadj du-as* 
Applying the approach of genetic linkage, m a crilafcoraUvc study wejbeahosd to two 
*EdRP geSsto the short arm ofthVx chromO*»me (Ott t al. W In autosome 
dominant forma of RP(adJ^ we lwve localised three gena. The ^ M"? ^PP ed 
on 3q close to the gene encoding the ,*d<>re«p1or sped&pt*^ 
et al? 19B9). Similarly, we placed an adHP gene on *p dose to the gene encoding the 
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photoreceptor specific protein peripherin/RDS (Farr&r et al. 1991a,b). A third adRP 
gene mepped In 7q (Jordan et al. 1*93); no known candidate genes for RP reside in this 
region of 7q. In addition, we placed the disease gene setregating in a Best's macular 
dystrophy family an llq ckxe to the region previously shown to be involved in some 
forms of thin dystrophy (Mansergh et al 1995). Recently, in a collaborative study wc 
placed an autosomal recesaive RP gene on lq (Van Soeat et aL 1994). Genetic linkage, in 
combination with techniques for rapid mutational screening of candidate genes, enabled 
subsequent identification of causative nutations in the genes encoding rhud opsin and 
pedphcrin/KDS proteins. Globally about 100 rhodupsin imitations have now been found 
in patient* with RP or congenital stationary n^ht blindness. Similarly about 40 
mutations have been characterised in the peripherin/RDS gene in patients with RP or 
with various macular dys trop hics. 

Knowledge of the molecular etiology of eozne forms of human inherited retinopathies 
has stimulated us to establish methods to generate animal models for these disease* and 
to investigate possible methods of therapeutic intervention to alleviate disease 
symptoms; the primary goal being the development of treatment* foe human retina? 
disease*. Surgical procedures enabling the injection of sub-microlitrc volumes of fluid 
intravitreally or sub-retinally in mice have been developed (Dr Paul Kenna). In 
conjunction with the generation of animal models we are investigating optimal systems 
for delivery of gene therapies to retinal tissue* using both viral and non-viral vector*. 
Delivering information to retinal tnwues, either m gens or drug form, has now become a 
realistic and exciting possibility. More generally, gene therapies utilising both viral and 
non-viral delivery systems hsve been applied to a number of inherited disorder*, to 
cancers and to seme infectious disorders; The majority of ties work has been undertaken in 
animal models of human dieoaggg, although some gene therapies have been approved for 
use in human* Many gene therapy ntudies have focused an autosomal recessivcOy 
inherited disorders audi as Cystic Fibrosis, the rationale being that in recessive diseases 
the introduction and efficient expression of the wild type gene may be sufficient to result 
In a prevention/ amelioration of disease phenotype* In contrast gene therapy for 
dominant disorders will require the suppression of the dominant disease allele. Notably 
the majority of mutations characterised to date thai cause RP arc inherited in an 
autosomal dominant fashion. 

Indeed there are over 1,000 autosomal domixiantly inherited disorder? in man. In 
addition in human populations there are many polygenic disorders due to the co- 
inheritance of a number of genetic components which together give rise to a dominant 
disease phenotypc. Effective gene therapy in dominant disease will require suppression 
of the disease allele while maintaining the function of the normal allele* Strategics to 
differentiate between the normal and disease alleles and to selectively switch off the 
disease allele using antteensc DNA/RNA or triple helix ONA targeted toward* the 
diaeaae mutation in many cases may be difficult and m some caees impossible frequently 
the diaeaae and normal alleles may differ by only a single nuc* lot id e. A further 
difficulty inhibiting the development of gene therapies is the heterogenous nature of 
some dominant disorders - many different mutations in the same j»anc give rise to a 
similar disease phenotypc. Hence, due to these difficulties, to date few gene therapies 
have been developed for autosomal dominantly inherited disorders. 



DESCRIPTION 

According to the present invention there is provided a strategy for suppressing expression 
of a dominant disease allele wherein said strategy comprises providing antisense nucleic 
acids able to bind to trancripts from both the disease and normal alleles or to bind 
selectively or partially selectively to transcripts from the disease or normal alleles 
Antiaenae nudeic adds can be DN A or RNA and can bo directed to any sequences mat arc 
part of the gene that is believed to be involved in a disease phenntype in a given 
patkmt Notably aruisenee cw be dmKtedtowan^ or to 
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Ha sequenct ^^^J^ e directed ^ «<j U «Ke .round ""^V y ^ y 

nucleic .e«J» «n b '**f£e to dleease. By S^^^^nuenw* of I 

SE^P"** 1 _..i„i _* the diseaee and normal ! 

thediseaeealWe^WP*™ .^harised and directly 

utilised in th^p^ w omba^^ vectors foe ^J^T^^nd other 

gene 6 uppres«on ^nucleotide, can be >ynthe«*» 

derivative to aid S^^SiStocdhil^^^ 

m0 *fcd to render them n-«<^ for ^p^eing - 

^^^^^^^^^^ 1 

wpprwaon efft^^ 1 ^*^™ ^ atiU cod* t«^*T™L_ „ ^ it will 

degeneracy of the f^™ 0 rec owu»ed lees effjowrtty " (ot oro teln with 
J be reined «r wUl * ^Sw^ nudric acid ^L^^SSdfcct on 

amino acid ^"£^^hiTri ^l^cSSo the eXs^oun 

ttw patient or region of «q«eoce ^JSrf the K cnc- The 

rfkdof* may b* ^f^-Joid beneficial gen* <* ^^^ i °L l!Wjion effectors by 
wild type gene and ^^^L^y or p-ttaBy fro* 3g£to*m& R«* 
replacement jene wJl * »~ 'Jg.e* the wild type ^^^ SSacy of the 

g^codeorby.^ tr^te ->th the use o£ an 

SWitcHinB ^™ in wmfcX may be difficult For ^^ a ^ndir« af*n,be B 

rfbozyme mUhom ^ fl(rtilRa , be f„Sly in «orne cases the 

.; nowurt end di««>* »»f f Wy , angle nucleotide. ?^"LjI /R NA or triple 
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the same geno give rise to a similar disease phenotype. The development of specific gone * 
therapies for each these would be extremely costly. To circumvent th difficulties 
asmdstod with npeciAcally tarprtinx • 41*?*** allele airing th disease mutiUon and 
the genetic heterogeneity present in some dominant dzsordexv, 4 novel strategy far gene 
therapy for autosomal dominant disease exploiting the wobble hypothsw is described 
in thi* invention. 

The strategy described herein has applications to autosomal dominant diseases. 
Complete (100%) silencing of a djsest* allele may be difficult to achieve using ami sense 
strategics. However, small quantities of mutant product may be tolerated in some 
autosomal dominant disorders. In others, a significant reduction in the proportion of 
mutant to normal product may mult in an amelkmuon in disease symptoms. Hcnw this 
tftrategy miry be applied fco many autosomal doounaatly inherited diseases in man where 
the molecular baris of the diseeae ha* been established. The strategy will enable the 
some therapy to be used to treat a wide range of different disease mutation* within the 
same gene. Stateuioo such as this using a 'universal' approach will facilitate the 
development of treatments for dominant diseases. 

This strategy may be applied in gene therapy approaches for biologically important 
polygenic disorders affecting large proportions of the world's poptu^fero such as age 
related macular degeneration (ARMDX glaucoma, mastic depression, cancers having a 
familial component sod indeed many others. Polygenic diseases require the inheritance 
of more than one mutation (component) to give rise to the disease pHciurtype. Notably an * 
amelioration in diseeae symptoms may require the switching off or reduction in the 
prercnee of only one of these component*. The strategy described here may be applied 
broadly to possible future interventive therapies in common polygenic diseases to 
suppress a particular genotype and thereby suppress the disease pbenotype. 

14E11IOIXXXVIESANPMATOCIALS 
The suppression approach involves; 

Suppression/ silencing of the dUease and normal alleles or partially selectively ; 
suppressing the disease allele of an endogenous gene using ajitteense RNA/DNA. 
ribozyxnes or triple helix DNA targeted to any transcribed sequences from the gene. This 
enable* greater flexibility in the choice of target sequence for suppressioru Additionally 
a roplacosnent normal gene wiD be supplied with an altered DNA sequence so that it is 
masked from suppression effectors. The sequence will be altered in third ba*e wobble 
positions so that the replacement gene codes for a protein which is identical to the wild 
type protein. In addition using this strategy the same therapy could be applied to the i 
treatment of different disease mutations within a given disease gene, j 

Genomic and cDNA sequences - sequence degeneracy: j 
The genomic and cDN A sequences for many genes from various epecics arc available in 1 
sequence database* such as Genebank, Embl. For genes where sequence U not available, ; 
genomic and cDNA dunetf can readily be identified and sequenced using standard ' 
technologies For example, genomic sequence for the mouse gene encoding the 
photoreceptor specific protein rhodopstn is available in DNA sequence databases, bi : 
cuntrsHt the mouse genomic sequence encoding the photoreceptor specific protein 
peripherin/RDS ie not in sequence databases and has been doned in both phage and ' 
plasadd vectors and sequenced. Nucleotide differences have been observed in the aanw 
gene from the same species ffarrar et el 1991). In many cased nucleotide differences are 
not associated with a phenotype and have no effect on the gene product w they do not 
alter an amino add, AU ammo adds except tryptophan and methionine see represented 
b *i:f nore thAn « e codon. In addition, in some casee nucleotide difference* or 
polymorphisms can result in amino acid changes in the protein product but have no 
wmiated disease pathology Cardan et al. 1993). Tne degenomcy u£ the gcawtu: code and 
the polymorphic nature of some genes can be exploited to facflilare dominant gene 
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/» Vitro Uipnatitxe 
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non-viral vector*. Aa '"'T^^P^^^S iuitr alU raW-W ' 
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•denovirus, ad«v> aseodated wus, herpes nmpiex virus, «» 
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The present invention relates to * 'universal' approach for suppression of dominant^ 
acting mutation* In many cases dominant mutation* may be the result of single 
nucleotide changes Hence in some sihutione there may be great difficulty in 
dkojujulshtng between the normal and disease aflelea using nuppr ese lcm effectors such as 
smtiaentt or ritotymes- Moreover in the case of rtbezyraes the sequence around fee 
mutation may not occur at a ribozyna cleavage site or may not be accessible due to the 
RNA 2-D structure. The present invention dicumvent* these difficulties as the target 
sequence for suppression can be designed anywhere in the ending region of the gene 
thereby providing much greater HexdiiUty in choice of target sequence for suppression 
and In turn optimising the Bkdlhood of obtaining optimal soppresaiott. 



In addition both die normal and disease gnu* are suppressed converting the dominant 
disease into effectively a roceeftre disease where it ia then neotnaary only to supply a 
replacement normal gene. The replacement normal gene has an altered nucleotide 
sequence enpkilting tne Hence 
rranacripte from the replacement gene have an aliened sequence are nnd the suppression 
target site and are ma iked from suppression effector*. Notably the replacement gene 
codea far the same amino adds a* the wild type gene. 



A particular advantage of this invention Is that unlike other suppression strategies for 
dominant diseases which typically target the disease mutations specifically the present 
strategy not disease mutation specific Any imitation within a given gene can be 
suppressed using the same strategy or therapy. This is particularly powerful in 
situations where tens or hundreds of mutations in the same gene give rise to a disease 
pathology. 
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